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1.  Introduction 


The  TEMPO  is  a  high-voltage  (HV),  repetitive  pulse  generator  designed 
to  power  experimental  microwave  generating  devices.  It  consists  of  a 
resonant  pulse-charging  transformer  powered  by  a  dual-polarity  capacitor 
bank,  which  charges  the  water-insulated  pulse-forming  transmission  line 
(PFL).  When  the  HV  air-insulated  spark  gap  fires  at  or  near  the  peak  of 
the  charge  cycle,  a  pulse  is  delivered  from  the  center  output  conductor  of 
the  PFL  to  the  vacuum  diode  and  microwave  load  located  at  the  end  of  the 
generator  opposite  the  pulse-charging  section.  Primary  power  for  the 
capacitor  bank  is  supplied  by  a  commercial  dual-polarity  power  supply, 
which  is  controlled  from  a  central  station.  1 

The  TEMPO  system  is  furnished  with  a  utility  section  consisting  of  a 
175-psi,  85-scfm  air  compressor  and  a  water  processing  system  that 
deionizes  and  deaerates  the  water  in  the  PFL.  The  compressed  air  is 
passed  through  a  coalescing  filter  and  water  separator  before  it  is  directed 
through  the  pressure  and  volume  control  subsystem  that  supplies  air  to  the 
primary  capacitor  bank  switch  and  the  HV  Blumlein  switch.  The  water 
processing  system  is  equipped  with  pumps  and  directional  controls  so  that 
water  can  be  transferred  to  and  from  the  high-voltage  PFL  tank  and  an  ex¬ 
ternal  storage  tank.  The  water  can  also  be  independently  recirculated  in 
either  tank  as  needed.! 

The  deionized  (D.I.)  water  system  consists  of  an  external  storage  tank;  a 
water  transfer,  treatment,  and  control  cart;  and  interconnecting  piping  and 
control  cables.  The  D.I.  cart  is  housed  in  the  TEMPO  transportainer  (a 
shed),  behind  the  high-intensity  flash  x-ray  (HIFX)  building  at  Harry  Dia¬ 
mond  Laboratories  (HDL).  The  shed  also  houses  the  system’s  air  com¬ 
pressor  and  the  self-contained  deaeration  (D.A.)  system. 

The  D.I.  system  may  be  operated  either  with  or  without  the  D.A.  system. 
The  reverse,  however,  is  not  true  since  the  D.A.  system  requires  specific 
pressure/flow  rates  from  proper  setting  of  the  D.I./D.A.  systems  and  inter¬ 
face  flow-control  valves. 


1  Gerald  J.  Rohwein,  Pulsed  Power  Components  Division,  Sandia  National  Laboratories,  Description  and  Operating 
Instructions:  TEMPO  High-Voltage  Microwave  Driver,  SAND87-085 1  (April  1988). 
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2.  Background 


The  D.I.  system  was  designed  and  furnished  by  Sandia  National 
Laboratories  (SNL)  as  part  of  the  TEMPO  pulser  contractual  effort.  The 
D.I.  cart  was  produced  by  Pure  Solutions,  Inc.  (PSI),  under  contract  to 
SNL.  HDL  personnel  installed  the  system,  modifying  the  installation  plan 
suggested  by  SNL  to  include  features  which  were  deemed  by  HDL  to  be 
desirable  or  necessary  for  the  deionized  water  treatment  facility  to  be 
functional  and  reliable.  Figure  1  depicts  the  complete  D.I.  system  as  it  was 
finally  configured  and  is  currently  used. 

The  system  as  furnished  by  SNL  was  advertised  to  be  self-contained  and 
capable  of  unattended  operation;  essentially  all  system  functions  were  to 
be  controlled  at  the  remote  panel.  This  remote-control  panel  was  installed 
adjacent  to  the  pulser,  which,  it  was  hoped,  would  minimize  the  need  for 
trips  to  the  shed  (outside  the  building  some  distance  from  the  pulser). 

However,  after  some  weeks  of  operation  it  became  clear  that  the  system 
could  not  be  operated  as  expected.  Operators  had  to  make  numerous  daily 
trips  to  the  shed  to  read  or  adjust  the  flow  rate,  to  read  or  adjust  the  water 
resistivity  monitor,  or,  in  many  instances,  just  to  verify  the  operational 
mode  by  viewing  the  function  lamps  which  were  furnished  only  on  the 
master  control  panel.  The  flow  adjustment  and  monitoring  devices,  the 
resistivity  monitor/controller,  and  the  master  (local)  control  panel  are  all 
located  on  the  D.I.  cart. 

In  fact,  a  new  operator  would  usually  have  to  check  the  position  of  the 
local/remote  selector  switch  on  the  master  panel  just  to  determine  whether 
the  remote  panel  was  active,  since  there  were  no  indicator  lamps  (other 
than  the  flow  alarm,  which  was  disconnected  by  PSI  because  of  an  im¬ 
properly  sized  flow-switch)  to  tell  him  what  was  going  on. 

Also,  there  was  severe  water-pipe  “hammering”  each  time  the  stop  button 
was  pushed,  because  the  electric  valves  closed  at  the  same  time  the  main 
pump  stopped;  normally  this  went  unnoticed  since  it  was  barely  discern¬ 
ible  at  the  remote-control  station. 

As  a  consequence  of  these  deficiencies  and  limitations,  a  plan  was  devised 
to  implement  changes  to  the  original  system  so  it  could  operate  essentially 
unattended  from  the  remote  panel.  Trips  to  the  shed  would  then  be 
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Figure  1 .  HDL-TEMPO  D.I.  water  system  —  flow  and  piping  diagram. 
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necessary  only  to  check  on  D.I.  tank  output  resistivity,  to  investigate 
flow-rate  changes  from  clogging  of  filters,  and,  on  rare  occasions,  to 
operate  the  D.A.  system  manually  either  to  adjust  flow  rate  or  to  deaerate 
the  water  in  the  storage  tank.  Thc^e  changes  are  described  in  section  3.2, 
Subsequent  Modifications. 
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3.  Modifications 


3.1  Initial  Modifications  and  Additions 

HDL  personnel  undertook  a  number  of  changes  to  the  system  during  the 
installation  phase. 

We  removed  the  four  hose  reels  from  ihe  D.l.  cart  to  allow  more  room  for 
piping  on  the  cart  and  to  facilitate  future  movement  of  the  pulser;  two  of 
the  hose  reels  were  used  as  the  final  connection  point  for  the  pulser  tank 
fill  and  drain  lines. 

Also,  it  was  apparent  that  water-level  gages  were  desirable,  so  we  in¬ 
stalled  Tygon  tubing  as  a  sight  glass  on  both  the  pulser  and  storage  water 
tanks.  The  tubing  on  the  storage  tank  freezes  in  winter,  but  suffers  no 
damage. 

A  viewable  skimmer  capability  was  added  to  the  pulser  tank  with  Tygon 
tubing  and  a  valve,  to  facilitate  the  removal  of  debris  (plastic  chips,  etc.) 
floating  on  the  water  surface. 

We  installed  an  internal  dip  tube  on  the  storage  tank  discharge  port  to,  it 
was  hoped,  eliminate  this  area  as  a  source  of  trapped  air  bubbles,  since  air 
bubbles  were  known  to  be  a  problem  if  they  were  occluded  inside  the 
pulser  tank. 

3.2  Subsequent  Modifications 

In  accordance  with  the  plan  mentioned  above,  the  D.l.  system  controller 
and  piping  were  completely  revised.  The  result  has  exceeded  expectations, 
with  only  about  one  trip  Der  week  required  to  the  shed  to  check  on  filter 
clogging  or  to  monitor  the  output  resistivity  level  of  the  D.L  tanks. 

Also,  it  was  possible  to  automate  (recirc-device  function  only)  the  D.A. 
system  operation  with  four  (of  five)  relays  which  had  been  wired  for 
selector  switch  position  “C,”  but  were  not  used  by  PSI  for  this  application. 
Indicator  lamps  were  added  to  the  remote-control  panel  to  show  when  the 
D.A.  system  was  running,  whether  in  automatic  (recirc-device)  or  manual 
operating  modes. 
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The  first  control  system  modification  was  to  exchange  the  two  functions, 
fill  and  recirc- storage,  on  both  the  master  and  remote-control  panels.  This 
was  done  simply  by  switching  labels  and  reprogramming  the  EPTAK-100 
process  computer  that  provides  logical  and  physical  control  of  the  D.I. 
system.  The  benefit  is  that  now  the  system  is  relatively  fail-safe,  in  that 
recirc-storage  is  on  the  unwired  function  pushbutton  which  is  always 
“on,”  regardless  of  actual  switch  setting.  Since  there  always  will  be  water 
in  the  storage  tank,  barring  some  disaster,  an  accidental  start  should  cause 
no  unexpected  problems. 

A  related  modification  was  the  addition  of  four  indicator  lamps  to  the  re¬ 
mote  panel  to  show  which  function  was  in  use.  Also,  by  wiring  of  the  fifth 
unused  relay  for  switching  control,  an  indicator  lamp  w-as  added  at  the  top 
of  the  remote  panel  to  show  the  status  of  the  local/remote  selector  switch, 
where  on  me  ..ns  the  remote  panel  is  active. 

The  flow-switch  assembly,  which  was  designed  for  8-  to  10-gal. -per-min 
(GPM)  flow  rates,  was  internally  modified  with  PVC  pipe  and  epoxy  to 
reduce  the  throat  cross-section.  This  change,  plus  the  addition  of  an  epoxy 
“sail”  to  the  flow-sensing  vane,  resulted  in  a  flow-switch  which  activates 
reliably  at  4  to  5  GPM  and  stays  on  down  to  about  1.5  GPM.  Thus  the 
flow  protection  circuitry  was  made  to  function  as  originally  designed,  and 
has  been  working  reliably  ever  since. 

A  bypass  switch  was  added  to  the  flow-switch  circuitry  inside  the  master 
control  panel,  for  (local)  use,  only  if  necessary,  when  purging  air  during 
filter  and  D.I.  tank  changes.  This  switch  is  normally  off. 

The  water  pipe  “hammer”  was  eliminated  by  reprogramming  of  the 
EPTAK-100  computer.  One  of  the  computer’s  timers  was  used  to  delay 
valve  closure  time,  relative  to  main-pump  shutdown. 

The  EPTAK-100  was  also  reprogrammed  for  a  timed  on/off  cycle  (auto¬ 
cycle)  for  the  recirc-storage  function  only.  This  provides  the  capability  to 
periodically  circulate  water  in  the  storage  tank  lines  during  the  winter, 
automatically,  out-of-hours,  to  prevent  freeze-ups.  This  function  must  be 
started  manually,  and  continues  until  stopped  manually. 
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The  booster  pump,  under  the  TEMPO  (device)  tank,  was  reprogrammed 
and  rewired  so  it  may  operate  any  time  the  device-suction  valve  is  opened 
by  the  EPTAK-100,  but  runs  only  under  manual  control.  This  pump  is 
used  mainly  to  purge  air  from  the  lines  and  main  pump  (which  is  not  self¬ 
purging  from  the  device  tank)  after  a  “drain-dry”  condition,  or  after  Y-trap 
cleaning,  so  the  pump  actually  operates  by  a  (new)  switch  on  the  pump 
control  box,  adjacent  to  the  (new)  lamp  which  indicates  selection  status. 
Do  not  use  the  booster-pump  during  the  recirc-device  function,  since  such 
use  will  upset  the  D.I./D.A.  flow-rate  balancing,  which  is  set  for  main- 
pump  flow  only. 

We  removed  the  electric  valve  from  the  booster-pump  system  piping  loop 
since  it  was  not  necessary;  the  check  valve  was  sufficient  to  prevent 
back-flow  during  booster-pump  operation.  A  bypass  loop  was  installed 
around  the  D.I.  tanks,  with  the  use  of  this  valve,  to  provide  for  EPTAK- 
100  control  over  the  D.I.  tank.  An  indicator  lamp  added  to  the  remote- 
control  panel  showed  the  status  of  this  bypass  valve.  Then  we 
reprogrammed  the  computer  to  auto-bypass  the  D.I.  tanks  during  the  fill, 
drain,  and  recirc-storage  function(s).  A  local  hand-valve  w'as  provided  to 
defeat  the  auto-bypass  mode,  if  needed. 

Indicator  lamps  were  installed  on  the  remote-control  panel  to  show  the 
status  of  the  D.I.  water  flowing  in  the  system.  These  lamps  mirror  the 
above/below  set-point  status  lamps  on  the  front  panel  of  the  Thornton 
model  832  resistivity  monitor,  via  a  relay  (undocumented)  inside  the 
Thornton  meter  cabinet.  Thus,  by  proper  conductivity  cell  selection,  and 
by  proper  adjustment  of  the  Thornton  meter  set-point  control  (both  on  the 
master  control  panel),  one  can  determine  whether  the  resistivity  of  the  D.I. 
water  flowing  through  the  TEMPO  tank  is  adequate  for  carrying  out  tests 
without  any  trips  to  the  shed,  once  the  initial  settings  are  made. 

The  final  modification  involved  nearly  complete  replumbing  of  the  D.I. 
cart,  changing  the  point,  flow-wise,  at  which  the  D.A.  system  received  and 
returned  water  to  the  D.I.  system.  Originally,  this  point  was  ahead  of  the 
D.I.  tanks  with  the  flow  gage  down  under  the  master  control  panel,  where 
it  was  difficult  to  read.  With  this  configuration  the  D.I.  system,  running 
alone,  would  routinely  achieve  an  8-  to  10-Mohm-cm  tank  water 
resistivity  after  3  to  4  hr  of  operation;  however,  including  the  D.A.  system 
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in  the  flow-loop  would  reduce  the  maximum  resistivity  to  no  more  than 
3  Mohm-cm,  even  after  more  than  24  hr  of  continuous  running. 


Since  we  needed  at  least  5-Mohm-cm  water  circulating  in  the  TEMPO 
tank  during  firing,  we  undertook  a  complete  revision  of  the  D.I./D.A.  in¬ 
terface  portion  of  the  plumbing  system,  as  recommended  by  SNL.  The 
D.A.  flow-gage  was  relocated  next  to  the  D.I.  flow  gage  to  facilitate  sys¬ 
tem  flow-rate  adjustment  and  monitoring.  The  D.A.  input  shutoff  ball- 
valve  has  now  become  another  critical  flow-balancing  adjustment  (as  in¬ 
dicated  on  fig.l),  in  addition  to  the  flow-balancing  valves  described  in  the 
D.A.  system  operations  manual.  This  valve  has  become  important  because 
of  the  flow-wise  relocation  of  the  flow  restrictive  D.I.  tanks,  which  previ¬ 
ously  were  ahead  of  this  tap-off  point. 

The  results  of  this  modification  have  exceeded  expectations,  since  the 
deaerated  and  deionized  TEMPO  tank  water  now  easily  surpasses  the 
5-Mohm-cm  level  required  for  shooting.  It  takes  slightly  longer  than  be¬ 
fore  to  achieve  this  level,  due  to  the  “poisoning”  effect  of  the  D.A.  sys¬ 
tem,  but  the  D.I.  tanks  have  proven  adequate  to  the  task,  since  there  have 
been  no  long-term  degradation  effects  observed.  After  one  year’s  opera¬ 
tion  with  the  same  set  of  tanks,  the  three-tank  series  output  capability  is 
about  1 5-Mohm-cm  (with  about  3-Mohm-cm  input)  at  the  normal  flow- 
rate  of  5  GPM,  with  the  D.A.  system  operating. 
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4.  Basic  Operations 


4.1  Control  System  Overview 

As  we  mentioned  previously,  the  TEMPO  D.I.  system  is  controlled  by 
function-select  pushbuttons  and  by  start  and  stop  pushbuttons  on  both  the 
master  (local)  and  remote-control  panels.  These  pushbuttons  control  the 
logic  of  the  EPTAK-100  process  computer  inside  the  master  control 
panel,  which  performs  the  actual  physical  operation  of  the  system  valves, 
pumps,  and  interlocks.  The  function-select  buttons  are  push/push  type; 
that  is,  they  stay  on  (in)  or  off  (out)  until  pushed  again,  whereas  the  start 
and  stop  buttons  are  momentary-type,  activating  only  when  pushed.  Un¬ 
fortunately,  the  function-select  buttons  were  not  furnished  with  internal 
pilot  lamps,  so  it  is  necessary  to  look  at  each  one  very  closely  to  deter¬ 
mine  its  state.  This  is  one  of  the  reasons  for  the  addition  of  function  in¬ 
dicator  lamps  to  the  remote  panel;  notice,  however,  that  these  lamps  show 
selection  status  only  after  the  system  has  been  started. 

Figure  2  depicts  both  the  master  (top)  and  remote  (bottom)  control  panels 
as  they  appear  to  the  operator.  The  remote  panel  is  on  the  wall,  adjacent  to 
the  TEMPO  pulser  tank;  the  master  panel  is  part  of  the  D.I.  cart. 

The  stop  pushbuttons  are  always  active  on  both  panels,  regardless  of 
which  control  panel  is  selected  (to  be  active)  by  the  local/remote  selector 
switch  on  the  master  control  panel.  The  function- select  and  start  push¬ 
buttons  are  active  only  on  the  selected  panel.  Both  panels  have  a  flow- 
alarm  indicator  lamp,  which  is  always  active  on  each  panel.  This  lamp  is 
activated  by  a  no-flow  condition  of  more  than  8-s  duration  (8  s  chosen  for 
D.A.  vacuum-pump  protection)  and  is  latched  on,  once  activated;  it  can  be 
reset  only  by  manual  activation  of  either  stop  button. 

The  function-select  pushbuttons  should  always  be  left  off  (out)  when  not 
in  use,  on  both  panels.  The  recirc-s.orage  button  is  not  actually  wired 
(binary  control  =  00),  but  convention  is  to  leave  it  in  (on).  In  any  event, 
with  the  other  function(s)  normally  off,  an  accidental  start  will  be  accom¬ 
modated  without  difficulty,  since  the  storage  tank  always  contains  suffi¬ 
cient  water  to  support  recirculation. 
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Also,  after  pushing  the  stop  button,  do  not  change  the  state  of  a  function- 
select  pushbutton  until  the  associated  indicator  lamp  goes  out.  The  4-  to 
5-s  delay  is  caused  by  the  delayed  valve  closure,  which  will  be  short- 
cycled  by  premature  function-select  changes. 

The  flexibility  of  control  system  reconfiguration  has  been  a  most  useful, 
and  appreciated,  built-in  capability.  This  feature,  a  consequence  of  the 
programmability  of  the  EPTAK-100  computer,  has  been  mentioned  previ¬ 
ously  and  was  recently  used  to  add  two  more  refinements  to  the  control 
system  logic,  without  any  effort  other  than  devising  a  new  logic  diagram 
and  modifying  the  program.  Figure  3  is  the  control  system  ladder  (logic) 
diagram  currently  in  use.  The  complete  program  which  implements  this 
logic  is  contained  in  appendix  A,  together  with  listings  of  the  I/O  assign¬ 
ments,  the  relay  assignments,  and  the  timer  assignments. 

The  first  modification  was  the  addition  of  a  blinking  function  lamp  feature 
to  help  conserve  lamp  life  and  to  make  the  operating  function  more 
visible.  A  further  benefit  arising  from  this  implementation  is  that  one  can 
now  distinguish  whether  or  not  the  main  pump  is  running  during  the 
programmed  timer  (auto-cycle)  mode  of  the  recirc-storage  function  be¬ 
cause  the  auto-bypass  lamp  goes  out  and  the  function  lamp  goes  to 
steady-state  while  the  pump  is  off.  Also,  the  valve  open/close  time,  de¬ 
layed  with  respect  to  main-pump  operation,  is  clearly  visible  at  the  panel. 

The  recirc -device  function  lamp  does  not  blink,  since  the  automatic  D.A. 
feature,  which  is  initiated  by  this  circuit,  requires  a  steady-state  condition 
for  relay  activation. 

The  second  modification  was  the  addition  of  two  separate  modes  (Mode  1 
and  Mode  2)  of  operation  for  the  fill,  drain,  and  recirc-storage  function(s). 
We  did  this  by  noting  that  the  start  button  is  always  active  during  opera¬ 
tion.  Thus,  by  providing  for  logical  selection,  we  could  use  the  start  button 
to  initiate  a  secondary  mode  of  operation.  Mode  1  is  the  primary  (auto¬ 
bypass)  mode,  as  indicated  on  the  remote  panel  for  these  three  functions. 

Mode  2  may  be  selected  any  time  the  main  pump  is  running,  as  shown  by 
the  blinking  of  the  function  lamp,  and  results  in  the  closing  of  the  D.I. 
tank  auto-bypass  valve  for  all  three  functions;  in  recirc-storage,  the  (auto¬ 
cycle)  timer  programming  is  also  disabled. 


15 


16 


Figure  3.  HDL-TEMPO  D.I.  system  —  EPTAK-l(K)  I/O  and  logic  diagram 


So  now  it  is  possible  to  fill  or  drain  i.  •  device  tank  through  the  D.I.  tanks, 
or  to  continuously  deionize  the  storage  tank  water  should  that  be 
desirable;  all  without  any  trips  to  the  TEMPO  shed.  Mode  1  operation  is 
recovered  by  stopping  and  restarting. 

4.2  Master  (Local)  Control  Panel 

The  master  control  panel  on  the  D.I.  cart  in  the  TEMPO  shed  is  used 
while  purging  air  from  the  main  pump  after  filter  or  D.I.  tank  changes,  or 
for  flow-rate  adjustments  in  conjunction  with  local  (manual)  operation  of 
the  D.A.  system.  This  panel  must  be  selected  by  turning  of  the  “L-R-C” 
switch  to  the  “L”  position.  A  flow-alarm  bypass  switch  is  inside  this  panel 
for  use,  only  if  necessary,  during  low-flow  conditions  that  may  occur  dur¬ 
ing  air  purging.  This  bypass  switch  must  be  left  in  the  off  position  when 
not  being  used  under  direct  local  operator  control,  since  it  bypasses  the 
flow  switch  (which  is  the  only  protection  against  no-flow  damage  to  the 
main  pump  and  especially  against  damage  to  the  liquid-ring  vacuum- 
pump  in  the  D.A.  system). 

Also  inside  this  panel  is  the  EPTAK-100  computer  together  with  its 
programming  (pendant)  console  and  the  bank  of  (8)  external  relays.  These 
relays  supplement  the  logical  control  of  the  system,  normally  provided  by 
the  I/O  modules  (located  on  the  face  of  the  EPTAK-100)  and  the  com¬ 
puter’s  internal  relays. 

The  Thornton  model  832  resistivity  monitor  is  built  into  the  front  cover  of 
the  master  panel,  and  is  normally  configured  as  shown  on  figure  2.  Set- 
point  can  be  adjusted  if  the  switch  is  held  and  the  dial  rotated  to  obtain  the 
desired  readout.  The  system  is  supplied  with  two  conductivity  cells,  either 
of  which  may  be  selected  with  the  cell-l/cell-2  selector  switch.  As  shown 
on  figure  1,  cell-1  monitors  the  output  of  the  D.I./D.A.  system,  whereas 
cell-2  monitors  water  condition  at  the  input  to  the  D.I./D.A.  system.  Cell-2 
is  the  normal  selection,  as  it  indicates  TEMPO  (device)  tank  water  quality 
during  recirc-device  operation. 

4.3  Pulser  (Remote)  Control  Panel 

From  the  remote  control  panel,  on  the  inside  wall  of  Bldg  504  adjacent  to 
the  TEMPO  device,  the  tank  water-level  gage  and  the  booster-pump  con¬ 
trols  can  easily  be  seen.  The  status  lamp  on  top  of  this  panel  reflects  con¬ 
trol  selector  switch  position,  where  lamp  off  equals  local  “L”  and  on 
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equals  remote  “R”  selection  at  the  master  control  panel.  For  this  panel  to 
be  active  the  status  lamp  must  be  on,  with  the  exception  that  the  stop 
pushbutton  and  the  flow  alarm  are  always  active. 

The  open  circles  on  figure  2  indicate  pilot  lamps,  with  the  inscribed  letter 
signifying  lamp  color:  amber,  green,  red,  and  white.  Lamp  color  also  in¬ 
dicates  the  attention  level  required  for  the  function  or  mode,  with  red 
meaning  immediate  attention  required,  amber  meaning  occasional  atten¬ 
tion  required,  and  green  meaning  that  unattended  operation  is  acceptable. 
An  exception  to  the  significance  of  lamp  color  is  the  set-point  lamps, 
which  reflect  water  quality  only. 

4.4  Setting  Base  Flow-Rate 

All  flow  rates  must  be  set  from  the  master  panel,  since  this  is  the  only 
place  where  one  can  view  the  flow  gage(s)  and  adjust  the  manual  flow- 
control  valve,  which  is  just  above  the  main  pump. 

Normally,  the  easiest  way  to  set  the  base  flow-rate  is  recirc-storage  in 
Mode  1,  adjusting  the  flow-control  valve  for  about  7.6  (7.5  to  7.7)  GPM 
flow.  This  must  be  done  with  relatively  clean  filters  and,  preferably,  with 
the  storage  tank  at  least  half  full,  as  indicated  by  its  external  sight  gage. 
Filter  condition  is  indicated  by  the  differential  pressure  (gages)  on  each 
filter  where,  for  the  pre-  and  post-filters,  it  should  be  less  than  4  psig  at  5 
to  7  GPM.  Then  shift  to  Mode  2  operation  and  verify  that  the  flow  rate 
with  the  D.I.  tanks  (series-connected)  in  the  flow  path  is  about  5.1  (5.0  to 
5.2)  GPM.  For  further  refinement  of  this  procedure  see  section  5.4  (setting 
D.A.  flow  rate). 

From  this  procedure  it  is  apparent  that  the  reason  for  using  Mode  1  for 
filling  and  draining  is  the  decreased  time  to  perform  these  functions.  Fur¬ 
ther  time  saving  is  possible  during  draining  only  by  running  the  booster- 
pump,  which  increases  the  flow  rate  to  about  8.8  GPM.  However,  this 
procedure  increases  the  risk  of  air  being  ingested  into  the  system  as  the 
tank  water  depth  gets  down  to  the  5-  to  6-in.  level  above  the  tank  bottom 
(see  sect.  4.7). 

4.5  Recirc-Storage 

There  is  little  to  say  about  the  recirc-storage  function  since  the  operation 
is  straightforward  and  little  used  except  in  the  winter,  or  for  flow  setting 
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as  described  above.  Occasionally  during  the  late  summer  it  may  be 
necessary  to  recirculate  the  storage  water  in  Mode  2,  since  the  water  qual¬ 
ity  tends  to  degrade  below  1  Mohm-cm;  this  low  water  quality  forces 
longer  recirc-device  times  once  the  water  is  in  the  TEMPO  tank. 

4.6  Fill 

The  fill  function  is  normally  performed  under  Mode  1  unless  the  storage 
water  quality  is  well  below  1  Mohm-cm.  There  seems  to  be  little  differ¬ 
ence  in  recirc-device  time  whether  or  not  the  incoming  water  is  routed 
through  the  D.I.  tanks,  but  the  time  to  fill  increases  by  50  percent  if 
Mode  2  is  used.  Fill-time  averages  about  50  min;  when  the  water  level  ap¬ 
proaches  the  lid  liner,  one  should  shift  to  Mode  2,  thereby  reducing  the 
tendency  to  trap  air-pockets  under  the  lid  by  filling  at  the  slower  rate. 

The  filling  process  must  be  stopped  manually  by  the  operator  once  the  lid 
is  completely  covered,  since  there  is  no  automatic  level-sensing  shutdown 
mechanism. 

4.7  Drain 

This  function  is  normally  performed  in  Mode  1,  since  the  water  is  usually 
well  above  5  Mohm-cm  when  transferred.  Also,  to  expedite  draining,  the 
booster-pump  may  be  run  manually  with  the  skimmer  valve  closed  first, 
until  the  water  level  gets  down  to  about  4  in.  above  the  bottom  tank  liner. 
At  this  point  the  booster-pump  should  be  turned  off.  As  the  water  level 
approaches  the  surface  of  the  bottom  tank  liner  one  should  shift  to 
Mode  2.  The  slower  rate  allows  better  control,  to  lessen  the  chance  of 
sucking  in  air.  The  water  level  should  not  be  allowed  to  get  below  about 
1.5  in.  from  the  tank  bottom  or  air  will  be  ingested  and  a  flow -alarm  will 
result 

It  is  difficult  to  do  the  final  draining  (to  get  a  dry  liner,  but  not  a  dry  tank) 
without  first  removing  the  lid,  since  the  water-level  sight  gage  does  not  re¬ 
spond  rapidly  enough  to  reflect  actual  depth  in  the  small  volume  of  water 
at  each  end  of  the  bottom  tank  liner. 

If  a  dry  tank  is  needed,  the  best  way  is  to  open  the  floor  drain  valves  (with 
D.I.  system  off)  on  both  the  suction  and  discharge  lines  and  “waste”  these 
last  few  gallons.  Recovery  from  this  condition  (which  puts  air  into  the 
lines)  is  covered  in  section  5.3. 
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4.8  Recirc-Device 

This  function  is  used  both  to  prepare  the  TEMPO  machine  for  shooting 
and  during  shooting.  Operation  is  straightforward  once  the  proper  flow- 
rate  balance  (see  sect.  5.4)  has  been  established  for  the  D.I./D.A.  system, 
which,  of  course,  has  been  set  previously.  The  deaeration  auto  indicator 
lamp  should  come  on  at  main-pump  start  (about  4  s  after  start)  and  stay  on 
until  the  function  is  manually  stopped. 

Occasionally,  the  D.A.  auto  lamp  will  flash  but  not  stay  on.  This  is  caused 
by  a  latching  failure  on  the  interface  relays  and  can  usually  be  corrected 
simply  by  stopping  and  restarting. 

Never  run  the  booster-pump  during  recirc -device  because  the  D.A.  system 
flow  will  become  unbalanced,  with  a  high  probability  of  damage  to  that 
system. 

The  auto  lamp  reflects  the  actual  control  status  of  the  D.A.  system  and 
will  go  out  if,  for  some  reason,  the  D.A.  system  shuts  down  independent 
of  the  D.I.  system.  The  flow-alarm  will  shut  down  both  systems,  reliably. 

Also,  the  D.A.  system  is  quite  effective  in  removing  bubbles  from  the 
TEMPO  tank  (somewhat  dependent  on  atmospheric  pressure).  Normally, 
overnight  operation  will  revolve  the  worst  of  the  trapped  under-lid  air- 
bubbles,  if  that  should  become  a  problem  during  prolonged  shooting. 
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5.  Special  Operations 


5.1  Skimming  TEMPO  Tank 

The  water-surface  skimming  capability,  built  in  at  the  outset,  has  proved 
most  useful  in  removing  debris  floating  on  the  water,  especially  after 
maintenance  and  repair  operations  inside  the  TEMPO  tank. 

To  use  this  feature,  you  must  first  fill  the  tank  so  the  skimmer  port  is 
about  half-covered,  with  the  lid  off.  Then  start  the  recirc -device  function 
and  open  the  skimmer  valve.  Flow  will  be  seen  in  the  skimmer  sight-tube 
and  in  about  45  min  the  water  surface  will  be  spotless.  Do  not  run  the 
booster-pump  with  the  skimmer  valve  open,  as  this  valve  is  on  the  output 
side  of  the  booster-pump. 

5.2  Purging  Air  from  Main  Pump 

The  main  pump,  located  on  the  D.I.  cart,  will  not  purge  itself  unless  there 
is  some  head-pressure  at  its  input.  If  the  storage  tank  is  full,  this  pump  will 
usually  purge  itself  after  a  few  flow-alarm/restart  sequences;  in  fact,  if  all 
the  water  is  in  storage,  this  is  the  only  method  of  reestablishing  flow.  This 
procedure  can  be  done  from  the  remote  panel,  but  if  not  successful  after 
half  a  dozen  tries,  then  it  should  be  done  from  the  shed,  possibly  with  the 
aid  of  the  flow-switch  bypass. 

Also,  an  air  bleed  valve  has  been  added  to  the  pump,  which  you  may  use 
in  conjunction  with  opening  the  electric  storage-suction-valve  by  hand,  to 
allow  storage  tank  water  to  flow  up  to  the  pump  inlet. 

It  is  a  good  idea  when  purging  air  to  use  the  manual  (local  bypass,  see 
fig.  1)  capability  of  the  D.I.  tanks  to  prevent  filling  these  tanks  with  air 
bubbles  (which  will  cause  additional  flow-alarms  during  subsequent 
operation),  otherwise  air  can  get  into  the  D.I.  tanks  during  purge  opera¬ 
tions  because  there  is  always  a  small  flow  through  them,  even  when  the 
auto-bypass  valve  is  open,  from  the  slight  differential  pressure  across  the 
check-valve,  which  prevents  it  from  closing  completely.  This  is  one  rea¬ 
son  the  storage  water  quality  is  higher  during  the  winter,  when  the  “anti¬ 
freeze”  auto-cycle  is  in  use,  compared  to  the  summer,  when  there  is  very 
little  storage  tank  activity. 
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5.3  Purging  Air  with  the  Booster-pump 

The  booster-pump  was  added  to  the  system  by  SNL  to  overcome  the  self¬ 
purging  deficiency  of  the  main  pump,  and  was  envisioned  as  always  being 
on  any  time  the  device-suction  valve  was  open.  This  function  has  been 
modified  as  described  previously,  since  experience  has  shown  that  the 
main  pump  works  properly  once  air  has  been  eliminated  from  the  system 
suction  piping. 

The  booster-pump  is  used  to  purge  air  from  the  suction  piping  between  the 
device  tank  and  the  main  pump.  You  do  this  by  first  filling  the  device  tank 
to  the  7-  to  9-in.  level  (above  tank  bottom),  so  that  sufficient  water  exists 
to  perform  the  operation.  Then,  if  it  is  known  that  a  lot  of  air  exists  in  the 
piping,  such  as  after  a  “dry-tank”  drain-down,  it  would  be  a  good  idea  to 
manually  bypass  the  D.I.  tanks  (see  sect.  5.2). 

Next,  select  the  drain  function  and  start  the  system;  immediately  (before 
the  function  lamp  starts  to  blink)  manually  start  the  booster  pump.  Now 
watch  the  flow-alarm  closely  and  if/when  it  comes  on,  immediately  stop 
the  booster-pump.  Then  reset  (stop)  the  D.I.  system  and  recycle  this  com¬ 
plete  process  until  the  flow-alarm  fails  to  come  on,  indicating  that  all  air 
has  been  purged  from  this  part  of  the  system. 

At  this  point,  it  is  a  good  idea  to  operate  the  fill,  recirc- storage,  and  drain 
function(s)  a  few  times  to  stabilize  the  system,  since  some  small  air  bub¬ 
bles  may  be  trapped  in  and  around  the  various  valves  and  tees.  Should  a 
flow-alarm  occur  at  this  time,  it  usually  will  yield  to  a  few  stop/restart 
cycles. 

5.4  Setting  D.A.-Interface  Flow-rate 

The  D.A.  system  manual  states  that  the  system  throughput  is  limited  to 
about  3.5  GPM;  however,  at  HDL/TEMPO  we  have  succeeded  in  raising 
it  to  about  4.6  GPM,  which  greatly  facilitates  D.I.  and  bubble-removal 
operations.  We  have  done  this  by  judicious  tuning  of  the  D.A.  flow  and 
bypass  valves  in  concert  with  careful  adjustment  of  the  D.A.  system  inlet 
ball-valve  (indicated  as  critical  on  fig.  1).  Normally,  these  settings  should 
not  require  further  adjustment,  but  if  they  do,  then  you  must  refer  to  the 
D.A.  system  manual  in  addition  to  what  is  stated  here. 
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Once  the  base  flow  rate  has  been  established  by  the  procedures  of  section 
4.4  you  should  fill  the  device  tank  (or  nearly  so)  so  that  the  pressure  head 
will  be  close  to  that  during  actual  operation  under  recirc -device.  Next, 
transfer  operations  to  the  master  control  panel  and  start  the  system  in 
recirc-device  function. 

After  the  D.A.  system  has  stabilized  (1  to  3  min)  the  D.A.  output  flow- 
gage  should  read  about  5  GPM  and  the  D.I.  throughput  flow-gage  should 
read  either  slightly  above  or  below  this  rate,  depending  on  whether  the 
D.A.  vacuum  column  is  filling  or  emptying.  There  should  be  about  0.2 
(0.1  to  0.3)  GPM  differential  between  these  two  gages  for  the  D.A.  system 
to  maintain  its  fill/drain  column  function  without  running  dry  or  overflow¬ 
ing.  It  takes  about  15  to  20  min  for  a  complete  column  cycle. 

The  switch-over  is  observed  as  a  rise  in  flow  rate  on  the  D.A.  output  flow 
gage  when  the  column  switches  to  pump-out  mode  (and  conversely  for 
column  fill  mode),  with  a  corresponding  but  opposite  change  in  the  D.I. 
throughput  flow  gage.  The  D.I.  system  flow  control  valve  should  be  fine- 
tuned  to  obtain  these  conditions.  Also,  D.I.  main-pump  output  pressure,  as 
read  on  the  pre-filter  input  gage  should  be  about  40  psig  if  all  is  well. 

Note  that  the  pre-filter  should  not  show  more  than  a  5  to  6  psig  pressure 
differential  at  about  5  GPM;  otherwise  it  needs  to  be  changed.  Pre-filter 
clogging  is  about  the  only  thing  that  routinely  affects  the  D.I./D.A.  tlow- 
balancing  and,  therefore,  should  be  checked  weekly. 

Finally,  remember  to  check  the  small  flow  gage  on  the  D.A.  system  cart  to 
be  sure,  at  all  times  during  these  adjustments,  that  at  least  a  0.5  GPM  flow 
rate  exists  to  the  liquid-ring  vacuum  pump  —  this  is  critical.  You  may 
fine-tune  the  D.A.  system  main  flow  valve  (behind  the  column)  to  main¬ 
tain  this  flow  rate,  while  maintaining  about  a  4.5  to  4.6  GPM  flow  through 
the  D.A.  system. 

5.5  Make-up  Water  and  Procedures 

The  best  way  to  add  make-up  water  to  the  system  is  to  deionize  the  water 
before  adding  it  to  the  storage  tank.  You  do  this  by  first  running  the  water 
from  the  make-up  source  shown  on  figure  1  directly  into  the  pulser  tank, 
preferably  with  the  skimmer  valve  open.  The  tank  should  be  nearly  empty 
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so  that  only  the  make-up  volume  need  be  run  through  the  D.I.  system. 
Add  the  water  slowly,  watching  the  flow  through  the  chlorine  pre-filters, 
until  at  least  6  to  8  in.  (minimum  for  recirc-device  )  have  been  added  to 
the  device  tank.  The  device  tank  calibration  is  about  12  gal./in.  above  the 
bottom  liner;  about  30  to  45  min  of  slow  filling  yields  50  to  75  gal.  of 
make-up  water. 

Close  the  skimmer  valve  (if  open)  and  recirc-device  until  the  water  quality 
reaches  at  least  2  Mohm-cm,  which  may  take  as  long  as  4  to  5  hr.  Then, 
either  transfer  the  water  to  storage  or  finish  filling  the  machine,  as  re¬ 
quired.  The  direct  makeup  line,  shown  on  figure  1 ,  was  used  only  for  the 
initial  storage  tank  filling  and  should  not  be  used  now,  as  there  is  no  point 
in  contaminating  the  system  piping  or  the  storage  tank  with  raw  water. 

To  have  a  sufficient  conditioned  water  reserve,  you  should  endeavor  to 
have  a  “full”  storage  tank  (with  all  the  system  water  in  storage),  with  the 
level,  as  viewed  on  the  storage  tanksight-gage,  at  the  5-ft  mark.  Then, 
when  the  device  tank  has  been  filled,  the  storage  tank  should  show  about 
2.5  ft  of  water  remaining. 

5.6  Winter  Versus  Summer  Operation 

During  the  winter,  in  below-freezing  temperatures,  it  is  possible  for  the 
storage  tank  lines  to  freeze,  preventing  water  transfer.  These  lines  are  in¬ 
sulated,  but  not  furnished  with  heat  tape,  although  the  storage  tank  has  a 
band  heater,  thermostat,  and  pilot  lamp.  The  outside  water  (PVC)  lines 
have  frozen  on  occasion  without  suffering  permanent  damage,  although 
TEMPO  operations  have  been  curtailed  temporarily. 

The  TEMPO  shed  is  maintained  at,  or  above,  60°F  during  the  winter  by 
two  heat  sources.  The  primary  heat  source  is  the  air  compressor,  which  is 
kept  on  standby  when  the  TEMPO  device  is  not  being  fired;  the  second  is 
a  thermostatically  controlled  space  heater,  which  is  used  only  during  cold 
weather.  The  air-compressor  cycles  about  every  12  min,  when  on  standby, 
and  supplies  a  significant  amount  of  heat  to  the  shed.  Heat  tape  has  been 
applied  to  the  water  lines  between  the  shed  and  Bldg  504,  which  houses 
the  TEMPO  pulser. 

The  storage  tank  lines  are  protected  from  freezing  by  the  auto-recirc- 
storage  capability  described  in  section  3.2.  Thus,  in  freezing  weather,  all 
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that  is  necessary  to  ensure  continuity  of  shooting  operations  is  to  start  the 
recirc-storage  function  before  leaving  for  the  night  or  weekend,  and  to 
stop  the  function  upon  return  to  work. 
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6.  Maintenance 


6.1  Pre-filter  and  Post-filter 

These  filters  should  be  regularly  checked  for  clogging  —  say  every  week 
or  two.  The  pre-filter  requires  the  most  frequent  changing,  whereas  the 
post-filter  may  last  for  a  year  or  so.  The  pre-filter  element  is  a  “rope”  type 
and  has  been  very  effective  in  removing  even  very  small  particulate 
matter  —  so  much  so,  in  fact,  that  the  post-filter  rarely  requires  changing. 

The  pre-filter  requires  changing  when  the  differential  pressure  across  the 
element  exceeds  5  to  6  psig  at  about  5  GPM  flow  rate.  At  this  point,  the 
output  pressure  drop  is  enough  to  adversely  affect  the  operating  flow  bal¬ 
ance  of  the  D.A.  system.  The  post-filter  is  normally  used  with  a  5-|im  ele¬ 
ment  and  would  require  changing  whenever  its  pressure  drop  exceeds, 
say,  5  to  10  psig,  or  if  a  noticeable  backpressure  effect  is  observed  on  the 
D.A.  system  output. 

The  D.  I.  tank  supplier  (Millipore)  has  suggested  that  a  0.2-pm  post-filter 
would  be  used  to  inhibit  algae  growth  in  the  storage  tank,  should  this  be¬ 
come  a  problem. 

6.2  Y-Traps  and  Suction  Screen 

SNL  furnished  the  Y-traps  to  (it  was  hoped)  eliminate  the  problem  of 
plastic  chips  lodging  in  the  seats  of  the  electric  valves,  on  the  suction  side 
of  the  system  (especially  the  device  suction  valve).  This  has  not  been  a 
problem  since  the  traps  were  installed,  but  was  a  severe  problem  earlier. 
These  traps  rarely  require  cleaning,  under  the  present  operating  condi¬ 
tions,  but  should  be  checked  periodically,  especially  if  some  unknown 
flow-related  problem  arises. 

T'he  ^.nk  Y-trap  is  also  a  convenient  place  from  which  to  perform  a 
“drain-dry”  operation,  since  a  much  smaller  amount  of  air  is  left  in  the 
lines  for  subsequent  purging. 

A  fine  screen  has  been  added  to  the  suction  device  port  of  the  device,  in 
the  floor  of  the  pulser  under  the  diode,  where  it  is  not  easily  seen; 
however,  this  screen  should  be  checked  if  inexplicable  suction  air  or  flow 
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problems  arise.  The  screen  was  added  after  chunks  of  Carborundum  resis¬ 
tor  were  found  lodged  inside  the  booster-pump  impeller. 

6.3  Electric  Valve  Cleaning 

At  one  time,  cleaning  the  seat  of  the  electric  valve  in  the  device  suction 
line  was  an  altogether  too  frequent  task.  The  addition  of  the  Y-traps  has 
eliminated  this  problem,  to  all  appearances,  since  there  has  been  only  one 
occurrence  since. 

The  problem  was  evidenced  by  unexplainable  flow  alarms  in  recirc- 
storage.  These  were  traced  to  air  in  the  device  suction  line  (while  the  pul- 
ser  was  drained,  but  not  dry)  from  a  leaking  electric  valve,  which  was 
found  to  have  plastic  chips  lodged  under  the  seat.  This  leaking  valve  al¬ 
lowed  the  main  pump  to  draw  water  from  the  pulser  tank  at  the  same  time 
it  was  recirculating  the  storage  water,  until  finally  air  was  available  at  the 
pump  intake  port  in  sufficient  amounts  to  affect  the  flow  switch,  espe¬ 
cially  on  startup. 

Cleaning  the  valve  seat  is  fairly  straightforward,  once  you  know  how  to 
disassemble  the  body.  You  can  dismantle  the  valve  by  removing  the  four 
through- screws  (located  at  the  corners  of  the  grey  plastic  body)  that  hold 
the  black  plastic  operator  module  to  the  valve  base.  The  cover  containing 
the  electrical  connector  should  not  be  removed;  just  unscrew  and  remove 
the  connector,  otherwise  leaks  may  be  created  which  are  troublesome  to 
correct. 

6.4  D.I.  Tanks  (Millipore  Contract) 

The  D.I.  tanks  and  the  header  piping  system  were  furnished  by  Millipore 
Corp.,  under  contract  to  HDL.  As  shown  in  figure  1,  the  header  piping 
system  provides  for  either  series  or  parallel  connection  of  the  three  D.I. 
tanks.  The  normal  operating  configuration  is  for  series  flow,  since  this 
yields  higher  resistivity  water  and  the  throughput  flow  rate  is  well 
matched  to  the  rest  of  the  system. 

The  system  has  been  operated  with  the  D.I.  tanks  in  parallel  and  the  D.A. 
system  off  (both  manual  operations),  when  it  was  necessary  to  raise  the 
resistivity  of  the  pulser  tank  water  quickly.  In  this  mode,  it  took  less  than 

1.5  hr  (normally  about  3  to  4  hr)  to  raise  the  resistivity  from  about  1.5  to 
5  Mohm-cm,  with  a  (throughput)  flow  rate  of  about  7.5  GPM. 


7.  Vendor  Information 


Sandia  National  Laboratories  (SNL) 
P.O.  Box  5800 

Attn:  G.  J.  Rohwein,  Division  1248 
Albuquerque,  NM  87185 
(505)846-5535 

Pure  Solutions,  Inc.  (PSI) 

7800  Lomas  Boulevard,  NE 
Albuquerque,  NM  87110 
Attn:  Bruce  Larson  (GM) 
(505)265-8777 

Millipore  (Millipore  Water  Systems) 
7600  Penn  Belt  Drive 
Forestville,  MD  20747 
(301)420-9000 
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Appendix  A.  —  Eptak-100  Hardware  and  Software  Assignment  Sheets 


Appendix  A  contains  the  program  that  implements  the  control  system  logic  for  the 
EPTAK-100  as  refined  by  Robert  Lamb  of  Harry  Diamond  Laboratories. 
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APPENDIX  A 


A-l.  I/O  ASSIGNMENT  SHEET 


-  O. 

APPL I  CATION  :  HDx.-  7~FmPO  :  D.1,  5Vs  TFM  C  OVT£Oi.L£ /?  \  1/'?/8?  J 


T 

444 

414 
T 

445 

415 


X400 

i 

X401 

1 

X40  2 

1 

X40  3 

1 

X40  4 

i 

1 

1 

1 1 

1 

i 

1 

1 

1 

1 

1 

1 

i 

1 

Y'Hl 

1 

1 

Y442 

1 

I 

Y443 

1 1 

1  1 

Y430 

1 

1 

Y431 

1 

1 

Y43  2 

1 

I 

Y433 

1 

1 

1 

Y434 

1 

i 

Y43  5 

1 

1 

Y436 

1 

1 

Y437 

1  1 

1 1 

MAIN 

1 

VALVE 

1 

VALVB 

1 

VA  LV£ 

1 

1 

VALV£ 

i 

LAMP 

1 

LAmP 

1 

LAMP 

i  i  t 

pump 

1 

VI 

I 

vz 

1 

V3 

I 

.v± 

i 

Rec  St  an, 

1 

FIll 

I 

Rec  Dev 

1  1446 

1 

i 

I 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1  1416 

1 

1 

I 

1 

1 

1 

1 

1 

i 

1 

1 

1 

| 

1  1  J. 

1  1  447 

O 

1 

o 

1 

o 

1 

o 

1 

o 

i 

o 

1 

o 

1 

o 

1  1417 

START 


STOP 


FCN. 

c i > 


FCN. 

<*> 


FLOW 

Switch 


LAhP 

DRAIN 


LAMP 

r  low 

AlAAM 


VAlv£ 

•  i  e 

V  «/ 


Notes:  1.  FCN.(l)  and  FCN.(2)  are  wired  to  the  function  select  pushbuttons  such 
that  the  control  coding  is  binary,  as  follows: 


FCN.  Select 
pushbuttons 
are 

push/push 

type: 


Rec  Strg 
Fill 


< 


Rec  Dev 
Drain 


in  =  on 
out  =  off 


(No  actual  wire)  Always  sets 
Always  sets 
Always  sets 
Always  sets 


402  403 

4>.  0 

<|>,  1 

1,  <t> 

1,  1 


Thus:  fill  +  rec  dev  drain 


2.  The  indicator  LED’s  on  the  I/O  modules  (shown  as  o)  are  -ON-  when 
Ole  module  is  active. 


3.  X—  =  input  module(s)  — >  -{For  on  ladder  diagram, 
y—  =  output  module(s)  — >-C  }-on  ladder  diagram. 
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APPENDIX  A 


A-3.  EPTAK-100  SPECIAL  FUNCTION  RELAY  ASSIGNMENT  SHEET 


APPLICATION:  HDL-  TtAlPO  c  D  ■  T.  Sys  T£M  (TV*  vj'&oLi-fii  (Rf\/.3') 


RELAY  | FUNCTION 

||  RELAY  | FUNCTION 

ADDRESS  I 

_ _  l _ _  _ 

|  |  ADDRESS | 

_  _  II _  I _  _  __  __  _ 

70  | 

I 

I  1  - l 

II  74| 

i  t  i 

APPENDIX  A 


A-4.  EPTAK-100  TIMER  ASSIGNMENT  SHEET 

APPLICATION:  H  ^  '  /  c  AO  P  O  ;  15  .  X  . 5f  Y  5  7" 7r  A1  (Po  aj~TAo  t~ug  fi.  ?) 


|TI!;CP. 

|  NUMBER 

!  S  F.T 
| POINT 

\ START 

I  INPUT 

| RESET 
| INPUT 

1 

I  OUTPUT 
) ADDRESS 

J 

I  FUNCTION  i 

1  1 

l  450 

1  004 

1  1+0 

j 

I  /  o 

I 

j  45-0 

1  Vai  tfe  Ct-ose  Deity  j 

!  45 1 

'I'V.V 

-431/432 
!  -433/43V 

1  /42 

1  451 

1  Vo  a ip  SrAier  be/,  ay  1 

j  452 

|  46  0 

i  141 

j  . 

1  452 

1  Ft-ASHefi  OFF  pe/AY  1 

1  45  3 

1  oo& 

j  404 

j  /  40 
/  V  2 

J  453 

1  Flo w  /)/***!  DeiAY  ' 

1  454 

I  3  oo 

!  '*3 

j  (J  50) 

;  /<*  3 
^V6J 

j  454 

1  PUMP  ON  *  AoToC>/cl£  1 

|  >/5fT 

1  75*0 

m2 

(/SO) 

/42 

i/ VA) 

!  455 

j  PilMp  OFF  (  '/i)  -  AutcFycu  j 

j 

1  00  5 

(t*z 

\(/S0) 

/  V2 

|(/v<) 

I  456 

1  \Jalv6  Co/srteL-  A uroC'/cLe^ 

1  457 

!  iso 

455 
!  (/So) 

1  V55* 

I 

1  45? 

1 

1  Vomp  OFF(Vz).  AoToCicie  1 

!  1  1  1  1  1  i 

1  1  1  1  1  1  1 

i  i  i  i  ____  _i 
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A-5.  EPTAK-100  COUNTER  ASSIGNMENT  SHEET 

APPLICATION!  7“£rAOPOz  2^.-T.  S"y  s  t&m  (?£>  aj  7“^  o  (f£V.3^ 


COU NT E  R 
NUNLSER 

|  SET 

I  PO I  NT 

1  . 

I COU NT 

I  INPUT 

1  .  . 

|  RESET 
|  INPUT 
.  | _ 

IOUTPUT 
| ADDRESS 

I  FUNCTION 

1 

I 

460 

l 

1  005" 

1 

y-z 

.  urn).. 

/  0  / 

| 

1  460 

-  1  -  - 

1  ft  ash e/?-  ON 

t 


S  x  .  as  sec 5  => 


0.  2  S'  5  £CovbS  <3  'V  7~//vie. 
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A-6.  EPTAK-100  PROGRAM  LIST 


A PPL  I  CAT  IO 


PkOGIvAti 

STEP 


U  DL-  T£MPo  :  D.I.  5ysteai  Courpot-Lt  r  ,  R<*.  3  \V,fR~-  I 


COMMAND 


ADDRESS 


COMMENTS 


NUMBER 


00 

1 - 

1  JLD 

i  _ _ 

i 

I 

Amo 

-  -  — 

1  [ # r] -  by  Staat 

01 

i  or 

1 

I 

/So 

1 

1 

/aTCH-  R/tCSTTO,  Rt-A$  A 'Oi-Ay 

02 

A  hi 

1  ■ 

l 

A  o2 

ii 

I c  /  Rile  (StHarg  /he*  d 

03 

A/UJ 

1  -  -  - 

I 

4o3 

|j 

RSC.  5T oRAOf  E  Ru/ucr/o^j  Request 

04 

i  A  Ml 

|  . . 

l 

141 

i 

Reset-  by  SToR  pusJ,{>ti.7ft>x.i) 

05 

1  ------ 

1  OUT 

1 

I 

/SO 

i 

Rlai,  -  Recioc  STo/RAUfT  4c  AJ. 

06 

1  - 

1  JL  DI 

1 

1 

141 

i 

'pas  B.lj*juen  2rc,urs'  CoajT^o/.  Relay 

07 

i  OR1 

1 

I 

4  3o 

i 

5 TfAoy  f~C At.  UamPs,  ‘v/eh  PuMRpOfF 

00 

|  - 

1  Am  8 
| 

l 

i 

Amo  o ty,  -/ o^cfl c tr 

0  0 

i 

1  Out 
| 

43S 

i 

1  AAA  PCM  D/Ori/OO  -  Roc  5  Top 

10 

1  /  D 

| _ 

l 

400 

i 

\Sto#t\  R  8. 

11 

1  OR 
\  _ 

l 

/SI 

i 

/  Arc  h  —  R I Li.  F~ l  a cj 

12 

1  Ami 
| 

l 

402 

TF  R/?uE  l\  TSeti  i$ 

13 

1 

1  AMD 

1  - 

l 

40  3 

i 

4 

RILL  DOIFJCS  RcaJ.  Rcfsr. 

14 

i  AMI 

1 _  _ 

! 

141 

1 

/?f  SET 

15 

i  OUT 

1 _  _  _ 

1 

/?/ 

1 

F  L  A  4  —  h  S 1  L  Fc  aj. 

16 

j  101 

1 

144 

1 

Blivh  de  LiajPTs' 

17 

i  OR1 

1  _ 

1 

A  30 

1 

SrtfAoy  TPapPS  u.’/)en  PUMP  off. 

10 

1  A  m3 
| _ 

1 

1 

2  /  e  4>  A  AjO 

19 

1 

1  0uT 

i 

i 

4  36, 

1 

2 aaa a  Dr vr.  -  Rill  (device) 

20 

i  1 0 

1 

400 

1 

f  5  TARj\  p.  s. 

21 

OR 

1 

1 

/  62 

1 

A^Tch-  RSCDEV  Flac; 

22 

Amp 

i - 

1 

i 

402 

ii 

If  /  Ru  E  (B  i  vy  1  4  kc  k  is 

22 


36 
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A-6.  EPTAK-100  PROGRAM  LIST  (cont’d) 


APPLICATIC 

J],  HDi-  TEMPO  . 

).  T.  SyS.  Oo  kjTi?oLi_cfc 

1  PROGRAM 

1  COMMA:, 'D  1  ADDRCSS 

I  COMMENTS 

1 

ISTliP 

I NUMBER 

1  1 

1  1 

1  j 

1 

1 

1 

1  23 

i 

1  AajI  1  Ro3 

1  _  ^  _  I _ _  _  _ 

p 

^  Re  CIRC  Device  Gca j.  R<?ir. 

1 

1 

l 

1  24 

i  - 

1  I 

l  Ami  1  IH-I 
|  _ „ _ _ | _ _ _ _ 

Reset 

1 

1  25 

1  OUT  1  /  $2. 

|  _ | _ _ 

Flac}-  RECDfV  Pc  A). 

1 

I 

1  26 
\ 

1  OUT  1  437 

|  __  _ | _ .  _ _ 

RECDEV  LampB)  b.A.  Aon>-SrA*T$£JK 

)| 

i 

1  1 

1 

1  27 

1 

1  L.D  1  MAO 

1  1  ...... 

1  \Stfrt\  P.  8. 

l 

I 

j  28 

1  ~ 

1  OR  i  /S3 

1 

1 

LATCH  -  DA’Ajfj  Olaq 

1 

1 

1  29 

1  - 

1  1 

1  AMD  1  V 02 

1 I 

|1 

ZF  TRUE  ( Bt- *■*.*■  /  l)  -fJioi f  ls 

1 

1 

| 

i  3  0 

1  _ _ 

1  A  a/  D  1  po  3 

1  _  _  _  1  __  _ 

DRAIN  Device  Pcai.  i?<$<,T. 

1 

1 

f 

i  31 

I  _  _ _ 

i  Am  I  i  tut 

1 

Re  se  r 

I 

1 

I 

i  32 

1  _  _ 

1  ■*"  “  ~  -  i 

1  O  UT  1  /  if  3 

1  _  I _ . _ 

1 

RlaC)~  DRaTM  Fca]. 

1 

1 

!  3  3 

1 _ _ 

1  JLDT  i  /V7 

Bliijkel )  J>Ai  Arturs' 

I 

1 

i  3  4 

I 

1  ORl  1  H3o 

I 

5TFAoy  A  am  Pi  if  PuMp  off. 

1 

i 

i  3  5 

1  -  - 

i  "  i  — 

1  A  NB>  1 

1 

a  of  <  c  Am  e> 

i 

1 

1  36 

1  -  _ 

i  OUT  i  -44/ 

1 

J.  am  pcs)  -  DRAIA  ( Device) 

i 

1 

1  37 

I  - 

i  id  i  MH2 

1 

Look  FoR  Rf-oy/  Alapm  RlaG) 

i 

1 

1  38 

1  - 

1  OR  1  *4  01 

1 

Look  Fop.  j_S  TupJ  Pcu  s  b  bic  Hok  CM 

1 

1 

1  39 

I 

i  a#  i  )+o 

1 

/.  A  T  C  H  -  STop  Rlao,  /?^>st. 

i 

1 

1  4  0 

|  _  _ 

i  A  Ml  i  RUO 

1 

R/fsft-  6v  PtsA'SF  7?  /?. 

i 

1 

1  41 

| 

1  l  ■ 

1  £>U7  1  t+o 

1 

I  T<oP  -  /?  f  tpo/r  s  r  /T  /Opca  r 

i 

1 

1  42 

I  --  _ 

1  JLO  1  /4<0 

1 

S^/OFT  /4f  VaihE  Close  pEcAy  Jr Mgr# 
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1 
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1 
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! 
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I 
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1 
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1 

1 
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1 
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1 
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A-6.  EFrAK-100  PROGRAM  LIST  (corn’d) 


PPL  I  CAT  I  ON  :  M  bL-FEMPo. 

L  ..J.  5yr.  Ct/zl#  (Pd  ) 

PROG  RAfl 

STEP 

HUiiBER 

1  cormA.no  | 

1  1 

1  j 

ADDRESS 

1  COMMENTS  1 

69 

i  ■  . 1 

I  or  i 

AM  3 

1  oPCfj  \J 5 -  D.I.TAmfs  Bypass  Adop  1 

70 

1  1 

1  >CZ)  1 

...  1 _ 1 

AS  1 

1  V_L  oPCm  ?|  Suctioaj  Sloe  I 

71 

1  O  R  1 

A32 

!  V  2  OP£K)  ?  J  J-OQICAL  OF  | 

72 

i  Y-D  \ 

A3  3 

1  \/3  dpc^t!  brscHAFcye  sjdb  1 

73 

!  j 

ASA 

I  V4  optM  7  J  z«$j<r*i  fp  1 

7  1 

1  A\j3  l 
.  _  1  _  _ _ | 

j  Amp  (Logical)  e tu  PofaPAe *■  f  j 

75 

|  a  aii  i 

IA2 

1  Fesf  r  e^c4  Pump  stop  (^Au} 

76 

I  o  or  1 

RSl 

1  timc.?-  Pblaybd  Pump  stakt  1 

77 

<.*> 

3.S 

.  _  _  _  .  AiLOYlt  . 

1  3.  S  Sea  APTfp  Valvei  OPfn  <  c°e»ccr  fl 

1  _  _  _  _  _  iAr-i  tamj  J  I 

70 

1  zz>  1 

API 

1  Actiuhtc-  PiATU  Pu*\p  *7/L#r  Fclay  1 

79 

j  Ami  j 

IMO 

1  Taj  stAxjT  5  Top  c-(  PuM?  ou  SropP.B.  1 

80 

1  Ami  1 

IA2 

1  AuTo-  CYCLE  PumP  CoAJTlol  1 

81 

j  out  j 

A  30 

1  STAFF  -th*  A7AJM  D.2.  Pump  1 

82 

1  AD  1 

/Sc, 

1  •*-  Bf<j/wn>4  o-f  RfcsTFCf  A  UFO-  CYCLE  **— ■  1 

83 

[  Ami  1 

/A3 

1  FT  set  -  TT#uro-  srAen/s7Ms  FoU  tj*iep  1 

84 

(  Ami  i 

!A(> 

1  /Mode  2-  P?£s*’Ti-  mafcs  Covr. /?vm  1 

85 

1  our  1 

ASM 

1  ~TJM£ F  -  PuAlp*  Ru*J  77*UE  •  AvTo-cycl£  1 

86 

1  (K)  ! 

3  o  o 

1  S ai ‘h *. Me  s  Rum  7j*ob  p**'  ayci-£  1 

87 

88 

89 
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PC  O  D  £  2  -  /.  Acxtfaur  (Posen)  OFF  Tine*;, 


91 


39 


APPENDIX  A 


A-6.  EPTAK-100  PROGRAM  LIST  (corn’d)  | 


APPLICATION:  ^  D  L-  TfP\  TO  ;  2>.T.  Sys .  F TP l  F  C C<f '  ) 


PROGRAM 

STEP 

NUMBER 

COMMAND 

ADDRESS 

.  . 

COMMENTS 

92 

OUT 

HSS 

_ 

Tl/vt  fP  -  PUMP  Off  (l  *{Z) 

93 

(«) 

T  SO 

/2.  5  /U/AJUrC  OFF  T/MC  C IT  SiF^e^r) 

94 

L.D 

/  50 

. 

/?fC$7'ea)  /~c-aJ.  oajL// 

95 

NSf 

CASCADE  THE  TTm£  DFlPVf) 

96 

WfifM 

7 

.  .  _ 

TTAHfe-  PumP  off  75^,/c  (2  *f2) 

97 

0<) 

.  .  _ 

-?  SO 

I1.S  All ajuTF  OFF  T2*tc  (2~J  -SF^^fjur) 

98 

pi? 

Acr**»re  /?e-cycLe  HeLAy  Cffsft) 

99 

OUT 

14-3 

f?F -Staffs  FuaJ  7/mfp  afl*  05m in  OFF 

100 

LD 

/SO 

ftEareq  fcAj.  o/vly/ 

101 

ANO 

/H-2 

PU/HP  <OfF  STAFFS  T/M1TP 

102 

ANt 

H-6> 

Alooe  2  -  AecFicvr  Yalv£  Co>if  7v~tfp 

103 

OUT 

HSS 

.  v\,w4  vs 

fjAifP-  DftAvco  valve  (lost  4  Aoro-FcLe 

/oH- 

(*> 

ooS 

F  3fCo4j£>  s  A  Fre#  Pc/mp  Stops,  (aycLe  ) 

lOtr 

/  D 

HoC 

PcTn/AFF  VAlvf  Co vtA a l  Fplav 

too 

HUT 

1HH 

rV>/0  A  F  p  ,  -  \ 

AuTo-QVCLF  Value  UPFK/pLose (TIjA^VS) 

m 

API 

F/.OW  Suviraj  Tmpot  -  (JPEtV No  Plow 

108 

A  AJl 

mo 

/?  eser  -  Pa/  a/opmal  s Top 

toS 

Aul 

1 4-2 

pESET-  PA/  AljTU-Cycl£  STOP 

HO 

OUT 

HS3 

~T T m fp -  P2ow  A lafm  Delay 

III 

M 

ooQ 

3  SECoajPS  -  A/}A%.fzMe  /oh  7>.A.  Ho  Tno'oi'' 

1/2 

l  D 

V53 

Activate  Flow  Alpha*  Ppcpy 

II 3 

O  A 

HN2 

/  AFC  H  -  '/Uapai"  FTP/  s  F/V  -/,//  Asset 
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A-6.  EPTAK-100  PROGRAM  LIST  (corn’d) 
APPLICATION:  HPi-  7 'EaiPoz  D-T,  Sts.  Ct>Cc.'/z 


A-1 

S-rep 

N 

Comma*  £> 

Abofies  s 

CoAi/HfHTS 

ha 

Aaez 

Ao  / 

RESET  Rb &Vf  AlAP/tf  -  by  -  STOP  P-B.c/viy! 

1 15 

our 

552 

DRAWER  -  Rbow  AlAAm  (.AMPS 

/  tc, 

AD 

5oo 

Start  P.  6.  -  _n<yr  r/ii  to  AIode  2 

117 

Amd 

A30 

CtuAV  AFTER  3.5 s fc  -  PqmP Moir Be  05 

ue 

Ap 

15-6 

A1  CAR  1 4  AoTo  -  cyc/lp  DeppA  r  Petst  y  (lb  tth) 

m 

ORB 

OR  (ofeTt/er  (t-offCAc  OR) 

120 

A  ftD 

J  50 

A1U0T  be  i*  /PECE7R<^ 

12  1 

OuT 

HIIL  A*n-em*(  ’TmAP&VP) 

122 

AP 

5-00 

Mod e2  +  T*v'T.  6u  etmatP.s. 

123 

AMO 

530 

?l>MP  hu or  Be  om  ( 3.Ssec  Dclat) 

/24 

LP 

J55 

AloPEC  b  F7ll/dpaiaj  BYP/iss  DfPp/jr  (  e*™ ) 

125 

ORB 

Ao ^  i  c*J2  o  R 

126 

A  D 

IS  1 

F’Ill  Z  7,  toqXcAc  OR 

127 

OR 

_ 

PRAT  M  J  J  lOL M  be  or//;  oP  or m n 

128 

A  MB 

Amo  csm  r  ft Soft,  OR  ShtMoin) 

129 

OUT 

/Vi 

Modi- 2  4  Fl  ll/d#  ft 3W  *«■//«.  D.X. 7?u»«s 

130 

AD 

J55 

RESET-  Peirnarf  b>5r  £v  CaouTee 

131 

Pt-S 

tot 

- 

57*. >t,Lf  5 ho—  Reset  Pol3o  SouAce 

132 

AD 

lot 

w._ 

ITAJJTJ  OooAJTCtf  /?£$C7* 

l  33 

A?5T 

— 

Reset  Cou/urer?  (iamp  oaj  T/mtp) 

1  3*f 

AO 

-7  2 

5 O  v*  5ec  Pol.  sF  TRA/aj  Sou/Cc  e 

/  3  5" 

Ami 

/V/ 

REesET*'  <3  PetAveo  Stop  7z*ieouT 

/  36 

6  VT 
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f'c/U.  A  AM)  PCs)  A  A  Tjmcp  (Coo/uTeff) 
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A-6.  EPTAK-100  PROGRAM  LIST  (corn’d) 


APPLICATION:  HT>l-  TEMPO  :  Z>.  T.  svs.  grtfu  (p%'  ?/?) 


PRo<s,R4M 
5  TOP 
N  uAi ac« 


/  3  ? 


138 


/  39 


/4o 


14 


I  HZ 


14  3 


I4H 

IHS 


me. 


CoWlANP 


00 

A  D 


Our 


AZ) 


AmT 


out 


GO 


/.  P 


OuT 


A  DDPess 


QOS' 


M60 


IH? 


/Ft 


R52 


/.S 


FS2 

/5S 


Oo*i#ie  tin 


2  5o  h*  Sec  O/J  time 


Tmiti  ATS  £vt>  at  /-AMP  Of/  Time 

A  AMP  F (-  ASSET  CovtAol.  (OM /off) 


TajITTATE  <S>  FF  TTMEF  CouajTPowt 


''Reset*,'  <g  Decavea  Frop  Timeout 


TTmef-  FcaJ.  a  amps  OFF  Tims 


/•5  secau  a  OFF  T+ie  (--/■'/%  Duty  S) 


T/utttate  I>as  8u»*<en  Ahht%  Re -cycle 


FaashTa,^  /amps  7?ES£T  RiEcay 


R' NO  of  PFoSAAM 


DISTRIBUTION 


ADMINISTRATOR 

DEFENSE  TECHNICAL  INFORMATION  CENTER 
ATTN  DTIC-DDA  (12  COPIES) 

CAMERON  STATION,  BUILDING  5 
ALEXANDRIA,  VA  22304-6145 

WALTER  REED  ARMY  INSTITUTE  OF  RESEARCH 
DEPARTMENT  OF  MICROWAVE  RESEARCH 
ATTN  H.  BASSEN 
WASHINGTON,  DC  20307"5100 

SANDIA  NATIONAL  LABORATORY 
ATTN  G.  ROHWEIN  1248 
PO  BOX  5800 

ALBUQUERQUE,  NM  87185 

AIR  FORCE  WEAPONS  LABORATORY 
ATTN  CAPT.  JACK  SIDLER,  AFW/TALV 
KIRTLAND  AIR  FORCE  BASE 
NEW  MEXICO  87117-6008 

US  ARMY  LABORATORY  COMMAND 
ATTN  TECHNICAL  DIRECTOR,  AMSLC-TD 

INSTALLATION  SUPPORT  ACTIVITY 
ATTN  LEGAL  OFFICE,  SLCIS-CC 


USAISC 

ATTN  RECORD  COPY,  ASNC-LAB-TS 
ATTN  TECHNICAL  REPORTS  BRANCH, 
ASNC-LAB-TR  (2  COPIES) 


HARRY  DIAMOND  LABORATORIES 

ATTN  D/DIVISiO.N  DIRECTORS 

ATTN  LIBRARY,  SLCHD-TL  (3  COPIES) 

ATTN  LIBRARY,  SLCHD-TL  (WOODBRIDGE) 

ATTN  CHIEF,  SLCHD-NW-CS 

ATTN  CHIEF,  SLCHD-NW-E 

ATTN  CHIEF,  SLCHD-NW-EH 

ATTN  CHIEF,  SLCHD-NW-EP 

ATTN  CHIEF,  SLCHD-NW-ES 

ATTN  CHIEF,  SLCHD-NW-P 

ATTN  CHIEF,  SLCHD-NW-R 

ATTN  CHIEF,  SLCHD-NW-RP 

ATTN  CHIEF,  SLCHD-NW-RS 

ATTN  CHIEF,  SLCHD-NW-TN 

ATTN  CHIEF,  SLCHD-NW-TS 

ATTN  S.  GRAYBILL  SLCHD-HPM 

ATTN  H.  BRISKER  SLCHD-NW-RS  (10  COPIES) 

ATTN  A.  BROMBORSKY  SLCHD-NW-RS 

ATTN  R.  KEHS  SLCHD-NW-RS 

ATTN  L.  LIBELO  SLCHD-NW-RS  (3  COPIES) 

ATTN  R.  LAMB  SLCHD-NW-RS  (5  COPIES) 


43 


